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Abstract 
This paper focuses on the modeling and simulation in Matlab/Simulink of the effects of wind shear and tower shadow in a three 
bladed, variable-speed wind turbine system. The study of the mechanical stress, the mitigation of the torque oscillations and the 
improvement of the aerodynamic efficiency below rated wind speed, can be attained with a proper modeling of the turbine 
system. This paper is a contribution on the study of the effects of wind shear and tower shadow, often approximated or neglected, 
that have to be properly understood, considered and modeled in order to get a better performance of the turbine system. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Demand for energy, scarcity of fossil fuels and need for carbon footprint reduction have resulted in a global 
awareness of the importance of energy savings and energy efficiency [1] and programs on the Demand-side 
Management have been developed in order to assist consumers on energy usage. Also, renewable energy sources 
coming from wind and solar energy sources are attractive to go into exploitation, considering not only large scale 
systems, but also micro and mini scale conversion systems [2], Disperse Generation (DG) owned by consumers. 
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Power-electronic converters have been developed for integrating wind energy with the electric grid. The use of 
power-electronic converters allows for variable-speed operation of a wind turbine enhancing energy extraction. 
Normally, the variable speed wind turbine is a conventional horizontal axis, three-bladed rotor design and the rotor is 
positioned upwind on the supporting tower. A wind energy conversion system (WECS) operating at variable-speed 
offers the following advantages: mechanical stress is reduced, torque oscillations influence on the energy injected 
into the grid is mitigated, and below rated wind speed the rotor speed can be controlled to achieve maximum energy 
capturing. But other influences have to be proper modeled for a correct technical and economic evaluation. 
Many factors influence the behavior of the wind speed so it is modeled as an intermittent and variable source of 
energy and somehow characterized by random variable fluctuations in magnitude and direction. The sources of these 
fluctuations are due both to stochastic processes that determine wind speed at different times and heights, and to 
periodic processes [3]. Hence, torque and energy capture by a WECS is subject to more fluctuations than that 
produced by the conventional power systems generators. Also, wind shear and tower shadow originate periodic 
fluctuations in electrical energy outputted by a WECS [3].  
This paper is organized as follows. Section 2 presents the modeling of wind shear and tower shadow effects. 
Section 3 presents the simulation results. Finally, concluding remarks are in Section 4. 
 
Nomenclature 
mv  wind shear variation  
towerv  tower shadow disturbance 
hV  incoming wind speed 
h   height of the tower 
r   blade lenght 
   blade azimuthal angle 
   empirical wind shear exponent 
a  tower radius 
   air density  
x   distance of blade origin from the tower midline  
dV  disturbed wind speed 
qC   torque coefficient 
pC   power coefficient 
   tip speed ratio (TSR) 
r   blade rotational speed 
tT  mechanical torque of the wind turbine 
 
2. Modeling 
The wind shear variation [4] is given by:   
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The tower shadow disturbance [4] is given by: 
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The tower parameters [4] are shown in Fig. 1. 
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Fig. 1. Tower parameters. 
The streamlines deviate near the tower of an upwind turbine [5] as shown in Fig. 2. 
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Fig. 2. Streamline deviation near the tower. 
In Fig. 2 is shown that when the flow of air is about to reach the tower the airflow suffers a bending and takes a 
lateral path as a result the axial speed decreases. Consequently, the tower is an obstacle that affects the airflow [5], 
originating the tower shadow disturbance. The tower shadow disturbance affects the airflow for a blade azimuthal 
angle in the range ºº 27090  , obviously outside this range the tower shadow effect does not occur. 
The disturbed wind speed dV  is given by: 
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The torque coefficient is given by: 
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The tip speed ratio is given by: 
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The mechanical torque of the wind turbine [5] is given by: 
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3. Simulation 
The mathematical model for the wind shear variation and the tower shadow disturbance for the wind turbine are 
implemented in Matlab/Simulink. The wind speed considered in the following two simulations has a value of 
8.2 m/s.  
The blades wind shear are given by (1), considering the wind shear as a function of the blade azimuthal angle, of 
the height of the tower equal to 50 m and of the empirical wind shear exponent  , taken equal to 0.20 in the 
simulation due to a terrain of tall row crops, low bushes with a few trees. The blades wind shear simulation results 
are shown in Fig. 3 
 
 
Fig. 3. Blades wind shear.   
Wind shear effect decreases as the eight h increases, allowing an increase in the resulting wind speed value. The 
wind shear variation due to the increase of height and a detail of the wind shear variation for three values of h in the 
range from 50 m to 150 m, are shown in Fig. 4. 
 
 
Fig. 4. (a) Variation of wind shear when h increases;  (b) Detail of wind shear variation when h increases.   
The tower shadow effect is produced when the blades pass in front of the tower, three times during a complete 
rotation of the blades, causing a periodic decrease in the resulting wind speed value.  
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The disturbance in the wind caused by the presence of the tower, given by (2) as a function of the blade 
azimuthal angle, is experienced by each blade as is shown in Fig. 5. 
 
Fig. 5. Tower shadow disturbance.     
The variable wind speed considered for the following simulations takes 5 s at constant value of 5 m/s and 
subsequently is a ramp increased by segments as shown in Fig. 6. 
 
 
Fig. 6. Wind speed variation. 
The blades wind shear experienced by each blade is given by (1), considering the height of the tower equal to 
50 m, blades wind shear are shown in Fig. 7.  
 
 
Fig. 7. Wind shear experienced by each blade.    
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The tower shadow disturbance experienced by each blade, given by (2), considering the height of the tower equal 
to 50 m, is shown in Fig. 8. 
 
 
Fig. 8. Tower shadow disturbance.      
The tower shadow variation and a detail of tower shadow disturbance due to the change of the distance of blade 
origin from tower midline for three values of x 5, 7, 11 m are shown in Fig. 9. 
 
 
Fig. 9. (a) Variation of tower shadow when x increases;  (b) Detail of tower shadow disturbance when x increases.   
The disturbed wind speed given by (3) that includes the combination of wind shear and tower shadow 
disturbances is shown in Fig. 10. 
 
 
Fig. 10. Disturbed wind.      
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The total mechanical torques obtained due to the influences of the non-disturbed wind shown in Fig. 6 and the 
disturbed wind shown in Fig. 10, during a complete rotation of the blades, are given by (6) and are shown in Fig. 11.  
 
 
Fig. 11. Resulting mechanical torques.       
4. Conclusion 
The wind shear and the tower shadow effects on the wind speed upstream of the hub have to be proper modeled 
for achieving a correct performance of a wind turbine system in order to study the effects of mechanical stress, the 
mitigation of the torque oscillations and the improvement of the aerodynamic efficiency below rated wind speed. 
This paper deals with the modeling that includes a representation of wind shear and tower shadow effects which are 
important in order to conveniently design a wind turbine. 
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